Development of ovarian tissues is a complex process involving paracrine and autocrine signaling within the ovary and an exchange of endocrine signals between the ovary and pituitary gland [8] . Recent studies have shown that inhibin and activin, members of the transforming growth factor-β (TGF-β) family, play an autocrine/paracrine role in controlling the early growth stages of ovarian tissues [9, 15, 17] . On the other hand, ovarian steroidogenesis is regulated by the expression of enzymes specifically involved in each step of the process. In the pathway of mammals ovarian steroidogenesis, cholesterol side-chain cleavage cytochrome P450 (P450scc), 17α -hydroxylase cytochrome P450 (P450c17) and placental aromatase cytochrome P450 (P450arom) are all involved in the production of biologically active sex steroids, including estrogens [23] . The precise location of these inside the ovary has been studied using steroidogenic enzymes in recent years. Immunohistochemical observations of these steroidogenic enzymes have been reported in the ovaries of several species, including humans [22] , bears [26, 27] , horses [1, 2] , dogs [21] , raccoon dogs [31] , pigs [11] , sheep and cows [6] . However, there is little information available concerning the presence and distribution of these steroidogenic enzymes in mammalian newborns' ovaries. In equine, it has been reported that inhibin/activin β A subunits and its mRNA are confined to the maternal endometrial glands [4] .
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Granulosa cells of various sized follicles and theca cells of large follicles are the primary sources of inhibin during the estrous cycle of the mare [18] [19] [20] 24] . Our previous studies have demonstrated the presence of inhibin α and inhibin/activin (β A and β B ) subunits in the interstitial cells of equine fetal ovaries, showing that the main source of large amounts of inhibins in fetal circulation is interstitial cells of the ovary and is not of maternal origin [25] . To extend these observations a n d k n o w l e d g e , i n t h e p r e s e n t s t u d y , immunohistochemical analysis was performed for inhibin/activin subunits and P450scc, 3βHSD, P450c17 and P450arom in ovaries obtained from equine neonates. The objective of this study was to investigate the localization of inhibin/activin subunits and steroidogenic enzymes, and to elucidate their physiological functions in equine neonatal ovaries by immunohistochemistry.
Materials and Methods

Animals
The ovaries of two thoroughbred female foals which died accidentally at 3 days and 18 days after birth were used in the present study. The ovaries were immediately fixed in 4 % paraformaldehyde (Sigma Chemical Co., St. Louis, MO, U.S.A.) in 0.05 M PBS, pH 7.4 for histological and immunohistochemical observations. All experimental procedures were carried out in accordance with the guidelines established by the Rakuno Gakuen University.
Histology
Samples of ovarian tissues were dehydrated in an ethanol series and embedded in paraffin wax. Sections (4-6 µm) of ovarian tissues were routinely stained with hematoxylin and eosin (HE) for histological observation. Serial sections of ovarian tissues were mounted on slides coated with poly-L-lysine (Sigma, St. Louis, MO, U.S.A.) for immunohistochemistry.
Immunohistochemistry
The serial sections of ovaries were incubated with 10% normal goat serum to reduce background staining caused by the second antibody. The sections were then incubated with primary antibody (1:8,000) raised against porcine inhibin α chain (1-30)-NH 2 conjugated to rabbit serum albumin, porcine inhibin/activin β A (81-113)-NH 2 (#305-24D) [29] , human inhibin/activin β B (81-113)-NH 2 (#305-25D) [29] , bovine adrenal cholesterol side-chain cleavage cytochrome P450 (P450scc) [3] , human placental 3β-hydroxysteroid dehydrogenase (3βHSD) [7] , porcine testicular 17α-hydroxylase cytochrome P450 (P450c17) [12] and human placental aromatase cytochrome P450 (P450arom) [16] for 12 hr at room temperature. The inhibin α subunit peptide was kindly provided by Dr. N. 
Results
Histology and Immunohistochemistry
Histological and immunohistochemical observation did not appear markedly different between the ovarian tissues of the 3-day-old and 18-day-old equine neonates. Only the results of the 18-day-old equine neonate are only shown in the present study. Ovarian tissues of the equine neonates were comprised of large amounts of interstitial cells and few blood vessels and small primordial follicles (Fig. 1a) . Immunoreactivity for inhibin α, inhibin/activin β A subunits, P450scc and P450c17 were clearly present in the ovarian interstitial cells (Fig. 1b, c, f, g, respectively) . P450arom was also found in ovarian interstitial cells, but with weak immunostaining (Fig. 1h) . Inhibin/activin β B subunits and 3βHSD were not identified in the ovarian interstitial cells (Fig. 1d, e, respectively) . No immunostaining was detected in control sections when normal rabbit serum was substituted for the primary (Fig. 1a) .
Immunoreactivity for inhibin α, inhibin/activin β A subunits, P450scc and P450c17 were clearly present in the ovarian interstitial cells of the equine neonates (Fig. 1b, c, f, g, respectively) . P450arom was also found in ovarian interstitial cells, but with weak immunostaining (Fig. 1h) . Inhibin/activin β B subunits and 3βHSD were not identified in ovarian interstitial cells of the equine neonates (Fig. 1d, e, respectively) . No immunostaining was detected in control sections when normal rabbit serum was substituted for the primary antibody (Fig. 1i) . Bar=200 µm.
antibody (Fig. 1i) .
Discussion
To our knowledge, this is the first study of equine neonates that describes localization of inhibin/activin subunits and steroidogenic enzymes in the ovarian tissues. The results of the current study show that the inhibin/activin subunits and steroidogenic enzymes were present in the ovarian interstitial cells of equine neonates at 3 and 18 days of age. This suggests that equine neonatal ovaries have the ability to synthesize inhibins and steroid hormones, which may play physiological roles in the development of the ovary in equine neonates.
There is growing evidence that the inhibin/activin/ TGF-β family plays important and changing autocrine/ paracrine roles in the development of ovarian tissues and the growth and differentiation of follicles. In the present study, immunoreactivity for inhibin α and inhibin/activin β A subunits were present in interstitial cells of the equine neonatal ovaries at 3 and 18 days of age, showing that the interstitial cells of the neonatal ovaries can produce dimeric inhibins. A previous study at our laboratory documented that inhibin α and inhibin/activin (β A and β B ) subunits were localized to the interstitial cells of fetal ovaries from mid-to late gestation, and expression of inhibin α and inhibin/ activin β A subunits mRNAs was also observed in the interstitial cells of fetal ovaries at 200 days gestation [25] . These results clearly indicate that the interstitial cells of ovaries are a source of inhibins in the development of the equine ovary. In the development of equine gonads, the equine fetal gonads of both sexes have attracted much interest because of the remarkable enlargement in size as a result of massive number of interstitial cells between the third and ninth months of gestation [5, 28] . The size of fetal gonads decreases after Day 250 of gestation, and the gonadal weight of a newborn foal is approximately one tenth of that of the fetal gonad at its maximum size [5, 10, 14] . Our recent results also showed that circulating ir-inhibin levels decline from after birth to the age of 6 months in the f o a l ( K a z u y o s h i T A Y A , u n p u b l i s h e d ) . O u r immunohistochemical results, that inhibin α and inhibin/activin β A subunits are expressed in the interstitial cells, correlate with these observations, suggesting that inhibin/activin subunits are localized in the ovarian interstitial cells from the fetal to the neonatal period, and that inhibin production from interstitial cells is not compartmentalized within equine ovaries.
The synthesis of steroid hormones by the developing ovarian tissues is dependent upon the presence and activities of several key enzymes. P450scc converts cholesterol to pregnenolone, and is located in the inner mitochondrial membrane of the cell, while the other biosynthetic enzymes such as 3βHSD, P450c17 and P450arom, are situated in the endoplasmic reticulum [30] . Immunolocalization of steroidogenic enzymes in the equine neonate was first observed in the present study. We showed that P450scc, P450c17 and P450arom were localized in the ovarian interstitial cells at 3 and 18 days of age, suggesting that the ovarian interstitial cells have the ability to produce androgen and estrogen in the equine neonate. 3βHSD converts p r e g n e n o l o n e t o p r o g e s t e r o n e v i a t h e 4 steroidogenic pathway. The ovarian interstitial cells of equine cannot synthesize progesterone de novo in the neonate because they cannot convert pregnenolone to progesterone due to a lack of 3βHSD, a finding of this study. A previous study showed that P450scc, 3βHSD and P450c17 were expressed in the adrenal cortex cells of the fetal and newborn foal, and after birth, the levels of immunoreactivity for all 3 steroidogenic enzymes were much higher than in the fetuses [13] . It is possible that progesterone, as a precursor of androgen is supplied by the adrenal gland since 3βHSD was absent from the ovarian interstitial cells of the equine neonates. Future studies will investigate whether inhibin/activin subunits and steroidogenic enzymes mRNA are expressed in ovarian interstitial cells of e q u i n e n e o n a t e s .
I n c o n c l u s i o n , o u r i m m u no h i s t o ch e m i c a l r e s u l t s p r o v i d e a n e w physiological evidence of the endocrine in the equine neonatal period. The ovarian interstitial cells of the equine neonate have the ability to synthesize inhibins and steroid hormones, and inhibin/activin subunits and steroidogenic enzymes may play a physiological role in the development of the equine neonatal ovary.
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